Stable strains of mutants of Azotobacter that do not fix nitrogen are difficult to obtain by traditional procedures (Karlsson and Barker, 1948; Lindstrom, 1948) . Stumbo and Gainey (1938) demonstrated that culturing Azotobacter on a high nitrate medium resulted in strains that failed to fix nitrogen even after continued transfer in the absence of fixed nitrogen. However, since these strains were not available, we have employed the following modifications of usual procedures to secure a number of mutant strains:
Stable strains of mutants of Azotobacter that do not fix nitrogen are difficult to obtain by traditional procedures (Karlsson and Barker, 1948; Lindstrom, 1948) . Stumbo and Gainey (1938) demonstrated that culturing Azotobacter on a high nitrate medium resulted in strains that failed to fix nitrogen even after continued transfer in the absence of fixed nitrogen. However, since these strains were not available, we have employed the following modifications of usual procedures to secure a number of mutant strains:
(1) Nitrogen mustard or ultraviolet treatment of the cells or the broth, or both, was employed singly and in combinations.
(2) Azotobacter cells in the log phase of growth, when stained by the method of Robinow (1942) , showed 2 to 4 nuclear bodies per cell. Therefore the culture was permitted to grow in liquid media for some time after the application of the mutagenic agent before plating to obtain isolates. This would permit segregation of any mutant nuclei.
(3) This enrichment medium was incubated under an atmosphere of oxygen and hydrogen. The purpose of such incubation was as follows: (a) Hydrogen gas, a competitive inhibitor of nitrogen fixation, will suppress any concurrent fixation of nitrogen in the subculture medium and thus the nonfixing mutants will not be at a selective disadvantage as compared to the normal cells. (b) When Kohn and Harris (1942) grew Ewcherichia coli on a complete medium in the presence of the competitive inhibitor, sulfanilamide, the predominant part of the resulting population became methionine-requiring mutants. Since p-aminobenzoic acid functions in methionine synthesis and the enzyme involved is lost when the culture is grown in the presence of methionine and the inhibitor, the growth of Azotobacter in the presence of hydrogen and fixed nitrogen is somewhat analo- Washed cell suspensions were exposed to ultraviolet light, to a 0.2 per cent solution of nitrogen mustard, or to a combination of the two agents so that 90 to 99 per cent of the cells were killed. Then they were inoculated into Burk's (1934) medium, which contained 0.1 per cent of combined nitrogen in the form of ammonium chloride, potassium nitrate, or asparagine, or in some cases 1 per cent N-Z-case. The pH was 7.2 and incubation was at 30 C except in experiments when it was desired to isolate mutants at other than these values. In some instances the N-Z-case was subjected to irradiation or treated with sufficient nitrogen mustard before inoculation to retard the growth rate by about one-half. When subcultures were incubated under hydrogen gas, they were placed in a large desiccator, which could be evacuated and filled with an atmosphere of 20 per cent oxygen and 80 per cent hydrogen. After 24 to 48 hours the organisms were diluted and streaked to plates of Burk's agar containing 0.005 per cent of the nitrogen compound corresponding to that in the bottle in which they had been grown (i.e., ammonium chloride, potassium nitrate, asparagine, or N-Zcase). Organisms that do not fix nitrogen formed tiny colonies on this medium, and nitrogen-fixing strains formed reasonably large colonies. The smaller colonies appearing on the plates were picked and tested for growth on a nitrogen-free medium. Stained preparations of all such cultures were examined, and only those morphologically similar to the parent strain were tested further. EXPERIMENTAL 
RESULTS
From over 1,000 small colonies isolated, which represented many thousands of organisms grown from an inoculum treated with ultraviolet, nitrogen mustard, or both or grown in irradiated or mustard-treated broth, we obtained no stable mutants that failed to fix nitrogen, although an occasional slow strain was encountered. When the cultures were incubated under hydrogen, a much greater number of strains were obtained that grew slowly on a nitrogen-free medium and strains were isolated which made no measurable growth in the absence of fixed nitrogen. It is difficult to express the results quantitatively since a varying number of the first isolates revert to the wild type during the first few transfers and must be discarded. All the stable mutants were obtained from cultures irradiated with ultraviolet light and subcultured under hydrogen gas.
A majority of the mutants were isolated from asparagine broth, but the numbers involved were too small to be certain that this was not a chance event. A study of their rate of appearance suggests that the hydrogen was a selecting agent and had nothing to do with the induction of the mutation. To test actual nitrogen fixation the young culture from a 1 per cent N-Z-case agar slant was washed and inoculated into 25 ml of Burk's medium and incubated on a shaling machine. Under such conditions the parent strain (wild type) fixed almost 20 mg of nitrogen per 100 ml of culture in 24 hours, whereas the mutants-showed no fixation in 6 days. This is presented in of the parent Azotobacter strain when grown on N-Z-case or asparagine medium. Under certain conditions of aeration and of iron and molybdenum concentration the pigment turns red both in the mutants and the wild type. Stumbo and Gainey observed that Azotobacter grown on a high nitrate medium would fail to grow on the nitrogen-free medium unless small amounts of combined nitrogen were supplied to start them off, but thereafter they would fix nitrogen readily. From table 3 it will be observed that, when small amounts of ammoma were supplied, the two mutant cultures (nos. 6 and 65) grew only to the extent of the added nitrogen. Tryptophan failed to support growth of the mutant cultures, although it did not interfere with fixation by the wild type. Glutamic acid and lysine showed some differential effects on the mutant strains.
Ten additional mutant cultures were studied for their growth on various media. None of the strains made appreciable growth over extended periods on nitrogen-free agar. The addition of a vitamin supplement had no effect. All cultures grew well on ammonium chloride, potassium nitrate, asparagine, N-Z-case, and alanine. On other amino acids they made little growth, although as shown in table 3 there is some evidence of difference between strains on some substrates. Occasionally strains that had given no evidence of nitrogen fixation for several transfers reverted to the wild type. Erratic occurrence of growth on nitrogenfree media when large inocula were employed suggested that a low rate of reverse mutation occurred. After a series of plating and picking colonies for purification, strain no. 6 was subjected to ultraviolet light. An increased back mutation rate was observed in that 3 nitrogen-fixing organisms per 108 cells were found in the culture grown from the irradiated inoculum, though none was found in the unirradiated control.
During an attempt to isolate mutants at a pH value near the minimum for growth, a considerable number of extremely slow cultures were encountered, and some were isolated that failed to fix nitrogen at all. Strain 705 is an example of a mutant that differs from the wild type in that it has a narrower pH range for nitrogen fixation. Figure 1 shows the results of a pH experiment in which mutant no. 6 does not fix nitrogen at any pH value and strain 705 fixes nitrogen 
SUMARY
By the culture of large numbers of organisms treated with mutagenic agents and incubation under hydrogen gas, mutants of Azotobacter were isolated that failed to fix nitrogen.
The strains were mutants and not contaminants, as evidenced by (a) morphology, (b) pigment production, (c) ability to yield reverse mutations, and (d) transition stages of pH and temperature mutants.
